Abstract: An orthogonal array (OA) of strength t is an n N × array, where N and n denote the number of runs and factors respectively, with the property that in any of the t columns all of the t-tuple based on ) n ..., , 2 , 1 i ( m i = symbols appears equally often. The OA with (say) is called symmetric, otherwise, the array is said to be asymmetric. Several methods of construction of symmetric as well as asymmetric OAs are available in the literature. Some important methods will be discussed here. One of the principal applications of the OAs is in the selection of level combinations for fractional factorial experiments. An OA of strength t is equivalent to an orthogonal resolution (t+1) plan and it can be used to derive orthogonal fractional plans for mixed factorials. 
Introduction
Orthogonal arrays (OAs) were introduced by Rao (1946) followed by Bose and Bush (1952) . Formally, an OA can be defined as follows:
Let M be the set of m symbols denoted by 0, 1,…, m-1.
Definition 1.1:
An array with entries from M is said to be an OA with N runs, n factors each with m levels, strength t (for 0≤ t ≤ n) and index λ if every sub-array of contains each t-tuple based on M exactly λ times as a row. .The integers N, k, m, t and λ may be referred to as the parameters of the OA, where N denotes the number of runs, n denotes number of factors, m denotes the number of symbols, t denotes the strength and λ is the index of the OA. In particular when 1 = λ , then the OA is said to have index unity. It can be seen that each of the possible rows 00, 01, 10, 11 appear exactly three times. This property holds if one picks up any two columns of the array resulting into an orthogonal array. In any two columns the number of possible rows appears constant number of times thus, the array is of strength two. The OA described above can be denoted as OA (12, 11, 2, 2) . The first '2' describes the levels of each factor and the next '2' describes the strength of OA.
When the level of any one of the n factors is different, it is termed as mixed or asymmetrical OA. The generalization of the above definition is given as follows: 
2 − , and so on, with the property that in any t N × , sub-array every possible t-tuple occurs an equal number of times as a row. Example 1.2: (Hedayat, et al., 1999 ). An array with five factors in twelve runs with the first four factors at 2 levels each and the last factor with three levels is a mixed OA(12, 5, 2 4 .3, 2) and is as shown below: 
is an OA (N, n, m, t) where N = N 1 + N 2 +…+ N r and the strength is t for some . When m = r and each A i is an OA (N, n, m, t), after appending 1 to each row of A 1 , 2 to each row of A 2 and so on, we obtain an OA (mN, n+1, m, t . g) Pick up the runs in an OA (N, n, m, t) that begin with particular symbol say 0 and omit the first column. Then, we get an OA (N /s, n-1, s, t-1).
h) Suppose is an OA (N, n, m, t) and A 1 itself is an OA (N 1 , n, m, t). Then A 2 is OA with
. Definition 1.3: Two OAs are said to be isomorphic to each other if one can be obtained from the other by a sequence of permutations of the columns, the rows, and the levels of each factor. Example 1.3: (Hedayat, et al., 1999) . Following two OAs (8, 4, 2, 3) 
The above theorem sets a lower bound on the number of runs in a plan represented by an OA. For the symmetric OA the lower bound can be obtained by substituting in the equation ( Example 1.2.1: (Hedayat et al., 1999 ). An OA (8, 4, 2, 3) for which the equality holds in (1.2) is shown below: A Hadamard matrix with its first column having only +1's is said to be in its seminormal form. A Hadamard matrix of order N is equivalent to a symmetric two-symbol tight OA of strength 2 with N rows and N-1 columns. Suppose that is a Hadamard matrix of order N and let be written in its semi normal form. Then, by deleting the first column from , a matrix with entries +1 and -1 is obtained. It is easy to see that this matrix represents an OA (N, N-1, 2, 2). Conversely, if there exists an OA (N, N-1, 2, 2), then replacing the two symbols 0 and 1 in the array by +1 and -1, respectively, and augmenting the resultant matrix by a column of all +1's, a Hadamard matrix of order N can be obtained.
Theorem 2.1.1: The existence of a Hadamard matrix of order N is equivalent to the existence of an OA (N, N-1, 2, 2). ) 4 (≥ Example 2.1.1: (Dey and Mukerjee, 1999 ). In the above theorem for N = 8, by deleting the first column of and replacing -1 by 0, the OA (8, 7, 2, 2) obtained is as shown below: 
Foldover Technique
Two-symbol OAs of odd strength can be constructed from those of even strength by following a procedure called foldover technique. This technique is originally due to Box and Wilson (1951) . The nomenclature "foldover" is derived from the fact that in the construction, the first N runs are folded over to get the next N runs. The method can be summarized in the theorem stated below: Theorem 2.2.1: For positive integer m, the existence of on OA (N, n, 2, 2m) is equivalent to that of an OA (2N, n+1, 2, 2m+1).
Proof: First suppose that an OA (N, n, 2, 2m) exists. Denote this array by , and let its symbols be 0 and 1. Further let 
Construction of Mixed Orthogonal Arrays

Collapsing and Replacement Procedures
The methods of collapsing and replacement are due to Addelman (1962) . Suppose an OA of strength two has a column involving m symbols, and let be a positive integer such that 
Next is the procedure of 'replacement'. Suppose an OA of strength 2 has a column involving m symbols, and let there exists another OA also of strength 2 with N = m rows. Then in the symbols of the m-symbol column can be replaced by the rows of , using one-one correspondence, without disturbing the orthogonality. It can be seen that if and both are tight, then this method of replacement yields a tight OA of strength two. The method of replacement reduces to that of collapsing in the special case where consists of a single column. 1  0  3  2  2  3  0  1  0  1  2  3  3  2  1  0   2  3  0  1  0  1  2  3  1  0  3  2  3  2  1  0   0  1  2  3  1  0  3  2  2  3  0  1  3  2  1  0   3  2  1  0  3  2  1  0  3  2  1  0  3  2  1  0   3  3  3  3  2  2  2  2  1  1  1 
The resultant OA is as given below (in transposed form): 
Construction of Mixed OA using Hadamard Matrix
Several mixed OA of strength two can be constructed by the use of the properties of Hadamard matrices.
The following preliminaries will be helpful: 
occurs equally often as a row.
Suppose that there is a Hadamard matrix containing a set of three columns with the Hadamard property. If the four rows , 2), which is tight. 
. Then as in the proof of theorem3.2.1, if one forms
, replaces the triplet of columns by a single four-symbol column, and finally deletes the initial column of all ones and replaces -1 by 0, the array obtained is as shown below: (Dey and Mukerjee, 1999) . Let N = 12 in Theorem 3.2.4. Then, starting from
we get OA as shown below(in transposed form). In the second column of the array, the symbols are coded using the transformation . Similarly, in the two symbols columns the transformation is done.
Applications of Orthogonal Arrays
One of the principal applications of the OAs is in the selection of level combinations for fractional factorial experiments. Using OAs orthogonal fractional factorial plans for certain mixed factorial can be obtained. 
Orthogonal Fractional Plans for Asymmetrical Factorials Derivable From OAs
for i = 0, 1,…, u-1, where in i α , the symbol i appears r times. Consider the array B, given by is an OA where is an n-component column vector of all unities. Let be the j th column of (j = 1, 2, …, n) and is partitioned as where for , is a mixed OA and thus, the columns of array B constitute the runs of an orthogonal resolution III plan for experiment in 2n runs, where the levels of the n-level factor are coded as 0, 1, …, n-1 while the 2-level factors are at levels -1 and 1. 
